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ABSTRACT 
 
 
 
 
 Arsenic (As) in groundwater is recognized as a threat to public health worldwide. 
Toxicity of As(III) is greater than As(V) on human health. Most of the arsenic removal 
techniques are effective only in removing As(V) and not As(III). In this study, ten 
locally available low cost adsorbents were screened for their capability to remove 
As(III). The shale sedimentary rock (SSR) and caustic sedimentary rock (CSR) were 
selected based on high As(III) removal. Based on the characterization of adsorbents 
using XRD, FESEM-EDX, BET and TGA analyses, it was found that raw SSR contains 
a mixture of goethite and hematite as its major composition whereas the major 
composition for CSR adsorbent was goethite. Upon calcination at 500oC, the 
composition of both adsorbents was completely changed to hematite. The activation of 
adsorbent was carried out by thermal treatment (250–600°C), acid treatment (0.1–1 M 
H2SO4) and metal impregnation (0.2-1 M of MnC12 and MgCl2) in order to choose the 
best treatment method for As(III) removal. Results showed that only by heating the 
adsorbents at 500°C for 1h, 0.2 g of each adsorbent was capable of reducing the residual 
As(III) concentration below 10 µg/L, for initial concentration from 100 to 700 µg/L and 
optimum  pH ranges between 3 to 9 after 24 h of contact time. The experimental data 
were fitted to kinetic and diffusion models, such as pseudo-first order, pseudo-second 
order, Elovich and intra-particle diffusion models. The pseudo-second order model 
presented the best correlation (R2=0.999) for all adsorbents studied. The good fit of 
equilibrium data with the Langmuir isotherm indicated favourable As(III) sorption 
reaction with SSR-P (0.29 mg/g), SSR-G (0.36 mg/g) and CSR-G (0.65 mg/g), while the 
CSR-P (0.24 mg/g) was better fit with the Freundlich isotherm. The As(III) sorption 
occurred with catalytic oxidation of As(III) to As(V) of the surface oxide of adsorbents 
as evidenced from XPS investigation. Assessment of the breakthrough curve of granular 
SSR through a column study was examined for the effect of contact time based on 
operation parameters of bed depth and flow rate. The breakthrough times (10 µg/L) for 
contact time of 3.167, 4.75 and 6.33 min (10, 20, and 30 cm bed depth, flow rate of 
3mL/min) were found to be 28, 90, and 150 h, with treated water of 5.04, 16.20 and 27 L 
respectively, while for the contact time of 2.85, 3.57 and 4.75 min (flow rates of 3, 4 and 
5 mL/min, bed depth of 15 cm), 27, 21.6 and 15 L water can be treated at a breakthrough 
time of 150, 90 and 50 h respectively. Modeling of breakthrough point was carried out 
using bed depth/service time (BDST) model, Thomas model and Yoon-Nelson model. 
The BDST model gave results that were in very good agreement (R2=0.999) with the 
experimental results. The data obtained from the batch adsorption study was used to train 
back propagation learning algorithm having a 5-11-1 architecture. The model uses a 
tangent sigmoid transfer function and a linear transfer function. The network was found 
to be working satisfactorily since it gave a good degree of correlation (R2=0.919) 
indicating that the model is able to predict the percentage As (III) removal with 
reasonable accuracy. This adsorbent proved to be a promising method to meet the needs 
of rural populations of arsenic contaminated regions since it can effectively reduce 
arsenic concentration from water to environmentally acceptable levels using a simple 
method at affordable cost. 
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ABSTRAK 
 
 
 
 
Kehadiran arsenik (As) dalam air bumi diperakui sebagai satu ancaman terhadap 
kesihatan awam di seluruh dunia. Ketoksikan As(III) adalah lebih tinggi daripada As(V) terhadap 
kesihatan manusia. Kebanyakan daripada teknik-teknik penyingkiran arsenik hanya berkesan 
dalam penyingkiran As(V) dan tidak untuk As(III). Dalam kajian ini, sepuluh bahan penjerap 
berkos rendah yang mudah diperolehi telah disaring keupayaannya untuk penyingkiran As(III). 
Batuan endap syal (SSR) dan batuan endap kaustik (CSR) dipilih berdasarkan penyingkiran As 
(III) yang tinggi. Berdasarkan pencirian bahan penjerap menggunakan analisis XRD, FESEM-
EDX, BET dan TGA, SSR telah disahkan mengandungi goetit dan hematit manakala komposisi 
utama CSR telah disahkan mengandungi goetit. Setelah dipanaskan pada suhu 500oC, komposisi 
kedua-dua bahan penjerap bertukar sepenuhnya kepada hematit. Pengaktifan bahan penjerap 
telah dijalankan melalui olahan haba (250-600oC), rawatan asid (0.1-1 M H2SO4) dan 
penempelan logam (0.2-1 M of MnC12 dan MgCl2) untuk memilih kaedah rawatan terbaik bagi 
penyingkiran As(III). Keputusan kajian menunjukkan bahawa hanya dengan pemanasan bahan 
penjerap pada suhu 500°C selama 1 jam, 0.2 g bahan penjerap berkebolehan mengurangkan 
kandungan As(III) di bawah 10 µg/L, bagi kepekatan awal As(III) dari 100 kepada 700 µg/L dan 
julat pH optimum antara 3 hingga 9 selepas 24 jam masa sentuhan. Data ujikaji dimuatkan untuk 
memperagakan model kinetik dan resapan, seperti pseudo tertib pertama, pseudo tertib kedua, 
Elovich dan resapan intra zarah. Model pseudo tertib kedua menunjukkan korelasi terbaik 
(R2=0.999) terhadap data ujikaji bagi semua bahan penjerap yang digunakan. Padanan 
keseimbangan data yang sesuai diperagakan oleh isoterma Langmuir dengan muatan ekalapis 
yang tinggi menunjukkan tindak balas penyerapan yang baik bagi SSR-P (0.29 mg/g), SSR-G 
(0.36 mg/g) dan CSR-G (0.65 mg/g) manakala CSR-P (0.24 mg/g) menunjukkan padanan yang 
lebih sesuai dengan keseimbangan Freundlich. Penjerapan As(III) berlaku melalui pengoksidaan 
bermangkin As(III) kepada As(V) pada permukaan bahan penjerap melalui bukti dari siasatan 
menggunakan XPS. Penilaian lengkung bulus granul SSR melalui kajian turus telah diperiksa 
bagi kesan masa sentuhan terhadap parameter operasi seperti kedalaman turus dan kadar alir. 
Masa bagi titik perkembangan (10 µg/L) untuk  masa sentuhan 3.167, 4.75 dan 6.33 min 
(kedalaman turus 10, 20 , dan 30 cm, kadar alir 3 mL/min) telah didapati pada 28, 90 , dan 150 
jam, dengan isipadu air yang dirawat adalah sebanyak 5.04, 16.20 dan 27 L, setiap satunya, 
manakala untuk masa sentuhan 4.75, 3.57 dan 2.85 min (kadar alir 3, 4 dan 5 mL/min, panjang 
turus 15 cm), 27, 21.6 dan 15 L air boleh dirawat pada titik masa perkembangan 150, 90 dan 50 
jam. Pemodelan titik perkembangan dijalankan menggunakan model kedalaman turus/masa 
perkhidmatan, model Thomas dan model Yoon Nelson. Model BDST menunjukkan korelasi 
(R2=0.999) yang sangat baik terhadap hasil kajian. Data yang diperolehi dari kajian penjerapan 
kelompok telah digunakan untuk melatih propagasi terbalik pembelajaran algoritma yang 
mengandungi senibina 5-11-1. Model ini menggunakan fungsi pemindahan sigmoid tangen dan 
fungsi pemindahan linear. Rangkaian ini didapati berfungsi secara memuaskan kerana ia 
memberi korelasi yang baik (R2=0.919) menandakan model ini boleh meramal peratus 
penyingkiran As(III) dengan ketepatan yang munasabah. Bahan penjerap ini menunjukkan 
kaedah penyingkiran arsenik yang berkesan untuk memenuhi keperluan populasi luar bandar di 
kawasan yang tercemar dengan arsenik kerana ia boleh mengurangkan arsenik dengan berkesan 
ke tahap yang boleh diterima persekitaran menggunakan cara yang ringkas pada kos yang 
berpatutan. 
 
 
 
